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METHODS OF CUL TURING AND ASSAYING A VIRUS 



Technical Field pf the Invention 

This invention generally relates to the field of diagnostic virology. 
More particularly, the invention relates to methods for culturing and 
assaying a virus and diagnostic kits and cell lines for doing the same. 

BackgrQijnd ai the Invention 

Viruses and other microorganisms which infect humans, as well as 
other organisms, are numerous. Many of these viruses are associated 
with assorted clinical manifestations. Early detection of the viral 
etiological agents causing the clinical manifestation is desirable for 
effective treatment and management of the infected organism. Detection 
of even small concentrations of virus is desirable. 

Tissue culture techniques using various cell lines are the most 
widely used means of assaying viruses. Numerous cell lines have been 
developed for culturing viruses. However, relatively few are useful 
because of the tendency of many cell lines to be unstable, to develop 
undesirable characteristics, or to be insensitive for viral growth. Accord- 
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ingly, a more sensitive cell line for isolation and detection of viruses is a 
constant goal of diagnostic virologists. 

Ideal cells for culturing viruses are cells which are sensitive for a 
variety of viral pathogens. However, such cell cultures have yet to be 
5 developed. Thus, several different cell cultures are required to diagnose 

various virus types. Such cell cultures are either primary cells or cell 
strains or lines arising from primary cells. Primary cells are started from 
cells taken directly from the tissue or organs of an organism. Primary 
cells are considered to be primary cells until subcultured for the first time 

10 wherein they are regarded as cell lines. Primary cells are expended by 

use so that a continuous supply of primary cells from new tissue from 
living donors is needed. This may require sacrifice of the donor. Further- 
more, each new batch of primary cells poses a risk of endogenous viral, 
bacterial or fungal contamination. 

15 Use of cell lines may minimize these problems. Cell lines arise 

from the first subculturing of primary cells. Such cell lines may be finite, 
i.e., are able to be subcultured only a limited number of times before 
senescence, or continuous, i.e., are able to be subcultured an infinite 
number of times. Such continuous cell lines are referred to as 

20 "established" cell lines when it is demonstrated the cell line may be 

subcultured indefinitely in vitro. 

Recently, an improved shell vial technique has been developed for 
the detection of viruses from clinical specimens. This method may be 
combined with blind immunohistochemistry staining of the inoculated 

25 culture with viral specific antibody to identify the virus. This technique 

is commonly used in diagnostic virology laboratories. However, the 
method relies on the susceptibility of the cell line, used for virus culture, 
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to viral infection. Low susceptibility of the cell line to viral infection 
results in poor diagnostic sensitivity. 

Another recent advancement, polymerase chain reaction (PCR) 
technology, has been used to detect slow growing viruses, viruses which 
5 cannot be grown in cell culture, or viruses which are difficult to recover 

in cell culture from a specific specimen site. An example is herpes 
simplex virus from cerebrospinal fluid specimens. However, this 
technique detects viral nucleic acid and not infectious virus. When it is 
possible, the detection of infectious virus is often preferred because it 

10 correlates more with clinical manifestation. Accordingly, PCR detection 

of viral nucleic acid may only be indicative of the presence of remnants 
of a past infection or the presence of a latent infection. 

The effect of butyrate on mammalian cells has been discussed. 
Prasad, K.N. et al, (1976) "Effect of Sodium Butyrate on Mammalian 

1 5 Cells in Culture: a Review, " In Vitro 1 2, 1 25-1 32. The effect of sodium 

butyrate on various specific cell-virus interactions has also been 
examined. For instance between: (1) Epstein-Barr Virus/human lympho- 
blastoid cells, Luka, Janos et al, (1979) Induction of the Epstein-Barr 
Virus (EBV) Cycle in Latently Infected Cells by n-Butyrate, " Virology , 94, 

20 228-231; (2) herpes simplex virus/neuroblastoma cells, Ash, Ronald J., 

(1 986) "Butyrate Induced Reversal of Herpes Simplex Virus Restriction 
In Neuroblastoma Cells. " Virology . 155, 584-592; (3) human endothelial 
cells/cytomegalovirus, Radsak, K., et al, (1989) "Induction by Sodium 
Butyrate of Cytomegalovirus Replication in Human Endothelial Cells, " 

25 Arch. Virology , 107, 151-158; and (4) human epithelial cells/cytomega- 

lovirus, Tanaka, J. et al, (1991) "Sodium Butyrate-lnducible Replication 
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of Human cytomegalovirus in a Human Epithelial Cell Line, " Virology . 
185, 271-280. 

International patent publication WO 89/06686 discloses use of 
butyric acid and salts thereof to enhance the efficiency of specific protein 
5 production by cultured eukaryotic cells. 

Summar y of the Invention 
This invention relates to a method of culturing a virus including the 
steps of: (A) providing cells from a cell line susceptible to infection by 
the virus and a specimen; (B) treating the cells with a compound of the 
10 formula RC(0)Q, wherein Q is R, OR, OX, or X, each R is independently 

hydrogen or a hydrocarbyl group containing 1 to about 10 carbon atoms 
and wherein X is hydrogen or a cation; (C) inoculating the treated cells 
with the specimen; and (D) incubating the inoculated cells to allow viral 
growth to proceed. 

1 5 In accordance with another aspect of the invention is a diagnostic 

kit for assaying a virus includes (A) cells from a cell line susceptible to 
infection by the virus; (B) a compound of the formula RC(0)Q, wherein 
Q is R, OR, OX, or X, each R is independently hydrogen or a hydrocarbyl 
group containing 1 to about 10 carbon atoms and wherein X is hydrogen 

20 or a cation; and (C) reagents for assaying the virus. 

In another aspect of the invention is a method for culturing a virus, 
comprising the steps of: (1) inoculating treated cells from a cell line 
susceptible to infection by the virus with the specimen, wherein the cells 
are treated with a compound of the formula RC(0)Q, wherein Q is R, 

25 OR, OX or X, each R is independently hydrogen or a hydrocarbyl group 

containing 1 to about 10 carbon atoms and wherein X is hydrogen or a 
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cation; and (2) incubating the inoculated cells to allow viral growth to 
proceed. 

In accordance with still another aspect of the invention is a method 
for assaying a virus, includes (A) providing cells from a cell line 
5 susceptible to infection by the virus and a specimen; (B) treating the cells 

with a compound of the formula RC(0)Q, wherein Q is R, OR, OX, or X, 
each R is independently hydrogen or a hydrocarbyl group containing 1 to 
about 10 carbon atoms and wherein X is hydrogen or a cation; (C) 
inoculating the treated ceils with the specimen; (D) incubating the 

10 inoculated cells to allow viral growth to proceed; and (E) assaying the 

virus in the cells. 

In accordance with a further aspect of the invention is an 
enhanced mink lung cell line having improved susceptibility to infection 
by a herpes virus prepared by treating mink lung cells identified as ATCC 

1 5 #CCL64 with a compound of the formula RG(0)Q, wherein Q is R, OR, 

OX or X, each R is independently hydrogen or a hydrocarbyl group 
containing 1 to about 10 carbon atoms and wherein X is hydrogen or a 
cation. 

In another aspect of the invention, the method relates to a 
20 diagnostic kit for assaying a virus, comprising: (1) treated cells from a 

cell line susceptible to infection by the virus, wherein the cells have been 
treated with a compound of the formula RC(0)Q, wherein Q is R, OR, OX 
or X, each R is independently hydrogen or a hydrocarbyl group containing 
1 to about 10 carbon atoms and wherein X is hydrogen or a cation; and 
25 (2) reagents for assaying the virus. 

In another aspect of the invention, the method relates a method for 
assaying a virus, comprising the steps of: (1) inoculating treated cells 
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from a cell line susceptible to infection by the virus, wherein the cells 
have been treated with a compound of the formula RC(0)Q, wherein Q 
is R, OR, OX or X, each R is independently hydrogen or a hydrocarbyl 
group containing 1 to about 10 carbon atoms and wherein X is hydrogen 
or a cation; and treated cells with the specimen; (2) incubating the 
inoculated cells to allow viral growth to proceed; and (3) assaying the 

virus in the cells. 

The claimed methods, diagnostic kits and enhanced cell lines 
provide and have improved sensitivity for virus assay and enhanced 
susceptibility to virus infection. 

prjpf ppsrription of the Drawings 

Figure 1 (a-c) are photographs of immunofluorescent stained nuclei 
of CMV grown on sodium butyrate treated mink lung cells, untreated 
mink lung cells and MRC-5 cells. 

Figure 2 (a-b) are photographs of immunofluorescent stained HSV- 

1 infected cells grown in sodium butyrate treated and untreated mink 
lung cells. 

Figure 3 (a-b) are photographs of immunofluorescent stained HSV- 

2 infected cells grown in sodium butyrate treated and untreated mink 
lung cells. 

np. ^ription of the P referred Embodiments 
The term "hydrocarbyl" includes hydrocarbon as well as 
substantially hydrocarbon groups. Substantially hydrocarbon groups 
describes groups which contain heteroatoms substituents that do not 
alter the predominantly hydrocarbon nature of the substituent. Examples 
of hydrocarbyl groups include the following: 
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(1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or 
alkenyl) and alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, 
aromatic-, aliphatic- and alicyclic-substituted aromatic substituents and 
the like, as well as cyclic substituents wherein the ring is completed 

5 through another portion of the molecule (that is, for example, any two 

indicated substituents may together form an alicyclic radical); 

(2) substituted hydrocarbon substituents, i.e., those 
substituents containing non-hydrocarbon groups which, in the context of 
this invention, do not alter the predominantly hydrocarbon nature of the 

10 substituent; those skilled in the art will be aware of such groups (e.g., 

halo, hydroxy, mercapto, nitro, nitroso, sulfoxy, etc.); 

(3) heteroatom substituents, i.e., substituents which will, while 
having a predominantly hydrocarbon character within the context of this 
invention, contain an atom other than carbon present in a ring or chain 

1 5 otherwise composed of carbon atoms (e.g., alkoxy or alkylthio). Suitable 

heteroatoms will be apparent to those of ordinary skill in the art and 
include, for example, sulfur, oxygen, nitrogen and such substituents as, 
e.g., pyridyl, furyl, thienyl, imidazolyl, etc. 

In general, no more than about 2, preferably no more than 1 

20 heteroatom substituent will be present for every 1 0 carbon atoms in the 

hydrocarbyl group. Typically, there will be no such heteroatom 
substituents in the hydrocarbyl group. Accordingly, the hydrocarbyl 
group is purely hydrocarbon. 

In this specification and in the appended claims the term "isomer" 

25 is to be given its standard meaning in the art and includes, but is not 

limited to, both structural and optical isomers as well as other types of 
isomers know in the art. 
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In this specification and in the appended claims a "herpes virus" 
is meant to describe the herpesviridae viruses which include but are not 
limited to cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes virus 
6, Varicella-Zoster virus (VZV) and herpes simplex virus (HSV). "Chla- 
5 mydiae" is meant to include chlamydia psittaci, chlamydia pneumoniae 

and chlamydia trachomatis. "Adenoviruses" are meant to include all 
types of human adenovirus as well adenoviruses which infect other 
organisms. 

In this specification and the appended claims the term "cytopathic 
10 effect (cpe)" is defined as morphological changes which are induced in 

the cell as a result of viral infection of the cell. Such morphological 
changes may be syncytial, ballooning, enlargement, round-up, etc. 

It is also to be understood that, in this specification and in the 
appended claims, assaying includes detecting and/or quantitating as well 
1 5 as other means of characterization of the virus known in the art. 

It is also to be understood that although the invention is described 
in terms of viruses, the techniques and processes of the present 
invention may be used for culturing and/or assaying other types of micro- 
organisms which may be cultured in cells. An example of such a micro- 
20 organism is chlamydiae and for purposes of this specification and 

appended claims such micro-organisms which can be cultured in cells are 
meant to be included within the scope of the term "virus" although they 
are not actually viruses. 

The method for culturing a virus of the present invention includes 
25 the steps of: (A) providing cells from a cell line susceptible to infection 

by the virus and a specimen; (B) treating the cells with a compound of 
formula RC(0)Q, wherein Q is R, OR, OX, or X, each R is independently 
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hydrogen or a hydrocarbyl group containing 1 to about 1 0 carbon atoms 
and wherein X is hydrogen or a cation; (C) inoculating the treated cells 
with the specimen; and (D) incubating the inoculated cells to allow viral 
growth to proceed. 

Generally, the present invention may be used to culture any virus 
which may infect a cell line in vitro. Specific examples include but are 
not limited to herpes viruses, the adenoviruses, paramyxoviridae viruses, 
influenza viruses, enteroviruses, and chlamydiae. 

In one embodiment, the virus is herpes simplex virus (HSV), 
including HSV-1, HSV-2, cytomegalovirus and varicella zoster virus. 
HSV-1 and HSV-2 belong to the genus simplex virus of the herpes virus 
family. The specific properties of HSV-1 and HSV-2 are variable host 
range, relatively short growth cycle, rapid spread in culture, efficient 
destruction of infected cells, and the capacity to establish latency, 
primarily in sensory ganglia. 

In one embodiment, the virus is cytomegalovirus (CMV). CMV is 
a herpes virus and has typical herpes virus morphology including a large 
DNA genome and the ability to establish persistent and latent infections. 
CMV is a member of the beta-herpes group which also includes herpes 
virus 6 and herpes virus 7. CMV has distinguishing characteristics which 
include salivary gland tropism, species specificity, and slow growth in 
tissue culture. 

In one embodiment, the virus is an adenovirus. In another 
embodiment, the virus is a human adenovirus. Human adenoviruses are 
classified in the adenovirus family and in the genus Mastaadenovirus. 
Adenovirus is a DNA virus and based on DNA homology, the 47 human 
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adenovirus serotypes divide into 6 subgenera. Examples of adenoviruses 
include human adenovirus type 3 and adenovirus type 5. 

In one embodiment, the viruses are in the family of 
paramyxoviridae. These viruses include genus of paramyxovirus, 
5 pneumovirus and mobilivirus. The important human pathologens of this 

group of viruses are respiratory syncytial virus, measles virus, 
parainfluenza virus type 1, 2, 3, 4, and mumps virus. The genome of 
this group of virus is nonsegmented, negative sense RNA. This group of 
viruses are transmitted via respiratory secretions through close person to 

10 person contact and aerosols. The virus initiates infection by invasion of 

the respiratory epithelial cells. The clinical manifestations include croup, 
pneumonia, bronchiolitis and common cold, and measles for measles 
virus and parotitis and orchitis for mumps virus. Respiratory syncytial 
virus is the most common lower respiratory tract infection of infants and 

1 5 young children, ' The second common one is parainfluenza virus type 3. 

In one embodiment, the virus is an influenza virus. Influenza 
viruses belong to the family of Orthomyxoviridae, which contains 
influenza virus type A, influenza virus type B and influenza virus type C. 
The genome is segmented, single-stranded and negative sense RNA. The 

20 virus transmitted by infected respiratory secretions and replicate in the 

respiratory epithelial cells. The common clinical syndromes of Influenza 
A or B infections are fever, myalgias and cough, with clinical syndromes 
of common cold, pharyngitis, croup, bronchiolitis and pneumonia. 
Influenza A causes about 2 epidemics every 3 years and Influenza B is 

25 once every 3 years. Influenza C associates with subclinical or common 

cold like illness and does not cause recognized epidemics. 
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ln one embodiment, the virus is an enterovirus. Enterovirus and 
rhinovirus are the two gena of the family of picornaviridae. Enteroviruses 
have been subdivided into polioviruses type 1-3, coxsackieviruses group 
A type 1-24, group B type 1-6, echoviruses type 1-34 and enteroviruses 
5 type 68-72. The virus contains a linear, single-stranded RNA genome. 

The RNA is infectious. Initially, ingested virus implants and replicates in 
susceptible tissues of the pharynx or distal part of the gut. The majority 
of enterovirus infections are asymptomic, but in some cases, a variety of 
different clinical syndromes may occur such as respiratory illnesses, 

10 aseptic meningitis, hand-foot-and-mouth disease, herpangina, acute 

hemorrhagic conjuncvitis, paralysis etc. 

In one embodiment, the virus is chlamydiae. The chlamydiae are 
actually not a virus, but rather non-motile, gram-negative, obligate 
intracellular bacteria which may be cultured in cells. There are three 

15 species of chlamydiae: chlamydia trachomatis, chlamydia psittaci and 

chlamydia pneumoniae. 

The cells provided are from a cell line generally characterized as 
being susceptible to infection by the virus to be cultured or assayed. 
Examples of cell lines useful in the present invention include but are not 

20 limited to mink lung cells, McCoy cells, buffalo green monkey kidney 

cells, human lung carcinoma A549 cells, African green monkey kidney 
cell line, Rhesus monkey kidney cell line (LLc mk-2), Baby hamster 
kidney cell line (BHK), and Human lung mucoepidermoid carcinoma cell 
line (NCI-H292). In one embodiment, the cell lines are nonhuman cell 

25 lines. 

Mink Lung cells are available from the American Type Culture 
Collection (ATCC), Rockville, Md as mink lung cell line ATCC No. CCL64. 
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Mink lung cells are obtained from the trypsinized lungs of near term, un- 
sexed fetuses of Aleutian minks. McCoy cells are of mouse origin and 
are available from ATCC as ATCC No. CRL 1696. A549 cells are lung 
carcinoma cells of human origin and are available from ATCC as ATCC 
No. CCL185. Buffalo green monkey kidney cells (BGMK) are available 
from BioWhittaker Co. of Walkersville, Md. African green monkey 
kidney cell lines are available from ATCC as the following cell lines and 
their corresponding catalog numbers: CV-1, CCL-70; BSC-1, CCL26; 
VERO, CCL81; VERO 76, CRL 1587, VERO C-1008, CRL 1586. Rhesus 
monkey kidney cell line LLc rnk-2 is available from ATCC as ATCC CCL- 
7. Baby hamster kidney cell lines are available from the ATCC as 
following cell lines and their corresponding ATCC catalog numbers: BHK 
21, CCL10; and BHK 21C13, CRL 8544. Human lung mucoepidermoid 
carcinoma cell line NCI-H292 is available from ATCC as ATCC No. CRL 
1848. Although the subject invention is discussed in terms of 
established cell lines, it is also contemplated that the methods or 
compositions of the invention may find use with primary cell cultures as 
well as non-established or finite cell lines. 

In one embodiment, the cell line may be a genetically engineered 
cell line. In one embodiment, the cell line is selected from the group 
consisting of McCoy cells and BGMK cells and the virus is a chlamydiae. 

The cell lines and the viruses may be used in any combination. In 
one embodiment, the cell line is human lung carcinoma A549 cells and 
the virus is an adenovirus. A549 cells are generally used to culture 
adenovirus because of its susceptibility to adenovirus infection. In a 
further embodiment, the cell line is a mink lung cell line and the virus is 
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10 



15 



a herpes virus. The following chart provides further embodiments of the 
combiantions of cell lines and viruses. 



African green monkey kidney cell lines 
Rhesus monkey kidney cell line (LLc mk-2) 
Mink lung cell line 

African green monkey kidney cell lines 
Rhesus monkey kidney cell line (LLc mk-2) 
Mink lung cell line 

African green monkey kidney cell lines 

African green monkey kidney cell lines 
Rhesus monkey kidney cell line LLc mk-2) 
Human lung mucoepidermoid 
carcinoma cell line (NCI-H292) 



5. Human herpes viruses African green monkey kidney cell lines 

Baby hamster kidney cell line^tBHK) 
Mink lung cell line. 



Virus 

1 . Paramyxoviridae 

2. Influenza viruses 

3. Adenoviruses 

4. Enteroviruses 



As recited above, a specimen is provided. The specimen provided 
20 may or may not be infected with or contain the virus. If the culturing 

method is to be used to provide virus for preparation of vaccine or viral 
proteins, etc., the specimen is pure virus or a specimen known to contain 
a virus. 

Examples of suitable specimens for use in the present invention 
25 include body fluids, swabs, aspirates and washes from body cavities, 

body lesions, and various body tissues suspected of being infected with 
the virus or microorganism, as well as aliquots of solutions containing the 
virus or pure virus. 
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In one embodiment, the specimen is suspected of CMV infection. 
Examples of suitable specimens include urine, blood, eye swabs, throat 
swab, cerebral spinal fluid (CSF), rectal swab, bronchial wash, lung 
tissue, liver tissue, kidney tissue, heart tissue and brain tissue. In 
5 another embodiment, the specimen is suspected of herpes simplex virus 

infection. Examples of suitable specimens include vesical lesions, 
cervical swabs, mouth swabs, CSF, eye swabs, brain tissue, liver tissue 
and lung tissue. In still another embodiment, the specimen is suspected 
of adenovirus infection. Examples of suitable specimens include nasal 

10 swabs or expectorant, throat swabs, stool, urine, eye swabs and 

washings, nasopharyngeal washings and CSF. In a still further embodi- 
ment, the specimen is suspected of a chlamydia infection. Examples of 
suitable specimens include conjunctiva from eye infections, anterior 
urethra or cervix from genital infection, nasopharyngeal or 

1 5 tracheobronchial-a-spirates from pulmonary infection. 

In one embodiment, the specimen is pure virus or other 
microorganism obtainable from various depositories such as the ATCC or 
commercial sources known in the art. In a further embodiment, the 
specimen is as described above and is known to contain a virus. 

20 As described above the cell line provided is treated with a 

compound of formula RC(0JQ, wherein Q is R, OR, OX, or X, each R is 
independently hydrogen or a hydrocarbyl group containing 1 to about 10 
carbon atoms and wherein X is hydrogen or a cation. 

In one embodiment, R may be an alkyl, hydroxyalkyl, or haloalkyl 

25 group containing 1 to about 10 carbon atoms, or an alkoxyalkyl group 

containing 2 to about 10 carbon atoms. In another embodiment, R may 
be an alkyl group containing 1 to about 6 carbon atoms. 
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Specific examples of alkyl groups containing from one to about 10 
carbon atoms include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, nonyl, decyi, cyclopentyl, cyclohexyl, 2-ethylhexyl groups as well 
as isomers thereof. Specific examples of hydroxyalkyl groups containing 
one to about 10 carbon atoms include hydroxymethyl, hydroxyethyl, and 
the various isomers of hydroxypropyl, hydroxybutyl, hydroxypentyl, 
hydroxyhexyl, hydroxyheptyl, hydroxyoctyl, hydroxynonyl, and hydroxy- 
decyl groups. Specific examples of alkoxyalkyl groups containing two to 
about 10 carbon atoms include methoxymethyl, ethoxymethyl, butoxy- 
methyl, butoxybutyl, etc. Specific examples of haloalkyl groups 
containing one to about 10 carbon atoms include the various isomers of 
chloromethyl, bromomethyl, iodomethyl, chloroethyl, bromoethyl, 
bromopropyl, iodoethyl, chlorobutyl, bromobutyl, iodobutyl, chloropentyl, 
bromopentyl, etc. 

Generally, X is hydrogen or a cation. In one embodiment, X is 
hydrogen. In another embodiment, X is a cation. In still another 
embodiment, X is an alkali metal cation. In a further embodiment, X is 
a sodium cation. Suitable examples include but are not limited to lithium, 
sodium, potassium, cesium and ammonium cations. 

In one embodiment, the compound of formula RC(0)Q is butyric 
acid and salts thereof. In another embodiment, the compound of formula 
RC(0)Q is sodium butyrate. 

Generally, the cell line is treated with an amount of the compound 
of formula RC(0)Q which is sufficient to enhance the cell line 
susceptibility to infection by the virus. In general, the amount of the 
compound used to treat the ceil line will vary with the cell line and virus 
being used. Generally, the cell lines may be treated at a concentration of 
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about 0.1 mM up to the viability limt of the cell line. The term viability 
limit refers to the concentration level of the compound which is toxic to 
the cell line and the point at which the cell line is no longer viable for 
infection. The cell line would preferably be viable for at least about 12 
5 hours, preferably from about 1 to about 30 days, more preferable from 

about 3 to about 15 days after treatment with the compound. In one 
embodiment, the cell line is treated with the above described compound 
at a concetration from about 0.1 mM to about 250 mM, or from about 
2 to about 240 mM, or from about 5mM to about 180mM. In one 

10 embodiment, the cell line is treated with the compound, such as sodium 

butyrate, having a concentration from about 0.1 mM to about 250mM, or 
from about 0.1 mM to about 200mM or from about ImM to about 
175mM, or from about 2.5mM to about 150mM. It is to be understood 
that, in this specification and in the appended claims, the range and ratio 

15 limits recited herein, may be combined. 

In one embodiment, the cell line is a mink lung cell line and the 
virus is CMV and the mink lung cell line is treated with the compound, 
such as sodium butyrate, having a concentration of about 40mM to 
about 120mM, or about 50mM to about IIOrnM, or about 60mM to 

20 about 100mM. In another embodiment, the cell line is a mink lung cell 

line and the virus is a herpes simplex virus and the mink lung cell line is 
treated with sodium butyrate having a concentration of about 0.1 mM to 
about 20mM, or about 0.5mM to about 18mM, or about 1mM to about 
15mM. 

25 In one embodiment, the cell lines are those infected by the 

parmyxoviridae and influenza viruses, such as African green monkey 
kidney cell line, Rhesus monkey kidney cell line, Mink lung cell line, and 
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Mink lung cell lines. These cell lines are treated with the compound at 
a concentration from about 10mM to about 180mM, or from about 15 
mM to about 1 20mM, or from about 20mM to about 80mM, 

In another embodiment, the cell lines are those infected by the 

5 adenovirus and enterovirus, such as African green monkey kidney cell 

line, Rhesus monkey kidney cell line, and Human lung mucoepidermoid 
carcinoma cell line. These cell lines are treated with the compound at 
a concentration from about 0.1 mM to about 80mM, or from about 1 mM 
to about 50mM, or from about 2mM to about 30mM, or from about 

10 5mM to about 10mM. 

Generally, the sodium butyrate is prepared in a solution of tissue 
culture media by weighing out the appropriate amount of sodium butyrate 
according to the desired concentration and dissolving it in the tissue 
culture medium. However, it is to be understood that the compound of 

1 5 formula RC(0)Q may be prepared in a solution of any solvent or, solution 

which will not inhibit or otherwise negatively impact upon viral growth. 
For example, the sodium butyrate may be prepared in water. 

The tissue culture media used is generally any media which will 
support cell culture. For instance, the tissue culture medium may be 

20 Opti-MEM which is available from Life Technologies, Inc. of Gaithersburg, 

Maryland. Opti-MEM is a modification of Minimum Essential Medium 
(MEM), buffered with 4-(2-hydroxyethyl)-1 -piperazine ethane sulfonic acid 
(HEPES) and sodium bicarbonate and supplemented with hypoxanthine, 
thymidine, sodium pyruvate, L-glutamine, trace elements and growth 

25 factors. MEM generally contains inorganic salts, D-glucose, phenol red 

sodium succinate, succinic acid, amino acids and vitamins. 
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The cells of the cell line are generally treated with the compound 
of Formula I for a time sufficient to allow enhancement of cell line sus- 
ceptibility to viral infection. In one embodiment, the cells are treated 
from about 1 hour to about 72 hours, or from about 8 hours to about 56 
hours, or from about 12 hours to about 36 hours, with the compound of 

formula RC(0)Q. 

Once treated the cells are inoculated with a specimen, described 
above, which is suspected of being or known to be infected by the virus 
or the cell line may be inoculated with the actual virus. Inoculation is 
accomplished by contacting the specimen with the treated cells and is 
done by any technique know in the art which will effectively contact the 
specimen with the cell line. 

The specimen inoculum is prepared as follows. Clinical specimens 
are collected from an infected site such as the throat, nose, vesicle 
lesions, urine, etc., and put into a viral transport medium. Any viral 
transport media known in the art may be used. Generally, such media 
contain a buffer, protein and various antibiotics and/or fungizones such 
as penicillin, streptomycin, amphotericin, etc. The transport media 
mixture is generally vortexed and filtered through a membrane to 
eliminate contamination. At this point the inoculum is ready to be 
inoculated into the cell culture. 

After inoculation, the inoculated cells are incubated to allow viral 
growth or infection to proceed. In one embodiment, the inoculated cells 
are incubated from about 1 hour to about 72 hours, or from about 8 
hours to about 56 hours, or from about 12 hours to about 36 hours at a 
temperature conducive to viral growth. In one embodiment, the 
inoculated cells are incubated from about 25 °C to about 50°C, or about 
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30°C to about 45°C, or from about 35°C to about 40°C. In one 
embodiment, the incoculated cells are incubated at about 37 °C. 

In another embodiment, the culturing method may include a further 
step (E) harvesting said virus. The harvested virus can be used in the 
5 production of vaccines, viral proteins, viral antigens, antibodies, etc. The 

viruses are harvested according to methods known in the art depending 
on the specific character of the virus and the cells in which they are 
grown. For viruses which are released into the tissue culture medium, 
the viruses are collected at the peak of cytopathic effect. Generally, the 

10 virus containing medium is collected. If cells or cell remnants remain in 

the medium, the medium may be centrifuged to pellet the cell material for 
removal. For viruses which are cell associated and do not release 
efficiently into the tissue culture medium, the cell as well as the medium 
needs to be harvested. The cell is then sonicated or quick-frozen and 

1 5 thawed to release the virus from the cells. The cell debris is then pelleted 

and removed by centrifugation. Subsequently, most viruses are generally 
stable when stored at about -70°C. 

In another aspect of the invention a method for assaying a virus in 
a specimen is contemplated. The method includes the steps of (A) 

20 providing cells from a cell line susceptible to infection by the virus and a 

specimen; (B) treating the cell line with a compound of formula RC(0)Q, 
wherein Q is R, OR, OX, or X, each R is independently hydrogen or a 
hydrocarbyl group containing 1 to about 10 carbon atoms and wherein 
X is hydrogen or a cation; (C) inoculating the treated cells with the 

25 specimen; (D) incubating the inoculated cells to allow viral growth to 

proceed; and (E) assaying the virus grown in the cells. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/24461 PCT/US96/20827 



-20- 

Steps (A), (B), (C) and (D) as welt as the compositions and 
components used therein are as described above. In step (E) the virus is 
assayed in the specimen using any suitable method known in the art- 
Examples of such methods include tube culture, shell vial, PCR, Elisa and 
5 direct antigen staining. 

In one embodiment, the virus is assayed by immunofluorescent 
staining. Generally/ immunofluorescent staining involves staining the 
infected cells with an antibody or antibodies directed to a particular 
antigen produced by the virus. A fluorescent compound is attached to 
10 the antibody or to a related compound so that when the antigen-antibody 

complex is formed viral presence is visualized. The fluorescence tagged 
antibody-antigen complex is viewed using a fluorescence equipped 
microscope. 

The following examples illustrate the processes and compositions 
15 of the present invention. Unless otherwise indicated in the following 

examples and elsewhere in the specification and claims, all parts and 
percentages are by weight, all temperatures are in degrees Centigrade, 
and pressure is at or near atmospheric pressure. 

Example 1 

20 Mink lung cells available from American Type Culture Collection 

ATTC No. CCL64 are provided. The cells are received in frozen vials 
from ATCC and are prepared by first thawing in a 37 °C water bath. The 
thawed cells are removed from the bath and cultured in a tissue culture 
flask with Opti MEM culture medium supplemented with 5% fetal calf 

25 serum and non-essential amino acids, available from Life Technologies, 

Inc., of Gaithersburg, Maryland, and the antibiotics penicillin (100 
units/ml), streptomycin (100//g/ml) and the fungizone amphotericin (0.25 
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pg/ml). The cultured cells reach a complete monolayer in about 3 to 4 
days. The mink lung cells are propagated by trypsinization and 
approximately 2.5 x 10 5 dispersed cells per shell vial are seeded in shell 
vials with cover slips. The shell vials are incubated at 37 °C for 24 hours 
or until the cells form a monolayer. 

The cells were then treated with a 5mM sodium butyrate (NaB) 
tissue culture solution, prepared by dissolving the appropriate amount of 
NaB in tissue culture media and filtering the solution, and incubated for 
16 to 24 hours. After incubation the NaB and tissue culture media is 
removed and the treated cells are inoculated with 0.2ml of CMV 
inoculum originally from a clinical specimen obtained from urine and 
prepared by putting the specimen into a viral transport medium containing 
Hank's buffer, 1% bovine albumin and the antibiotics penicillin (200 
units/ml) and streptomycin (200 //g/ml) and the fungizone amphotericin 
(0.5 /;g/ml). After inoculation the shell vials are centrifuged at 700xg for 
45 minutes at 23°C. After centrifugation, 0.5ml of fresh media is added 
to each vial and the vials are incubated at 37°C for 16 to 24 hours. 
After incubation the media is removed and the cell layers are rinsed with 
phosphate buffered saline (PBS), fixed with cold acetone for 10 minutes, 
and rinsed again with PBS. 

After fixing, the cells are stained by adding 100 //I of CMV 
monoclonal antibody (mAb), incubated at 37°C for 45 minutes and then 
rinsed with PBS. The CMV mAb used is E-13 monoclonal antibody 
against immediate early (IE) antigen of CMV. This antibody is used as a 
primary antibody in the first step of staining and is available from 
Accurated Chemical and Scientific Co., Westbury, N.Y. After the first 
staining step 100 y\ of biotin which is conjugated with antimouse IgG is 
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added followed by additional incubation at 37°C for 45 minutes. The 
biotin complex is available from Boerhinger Mannheim Co., Indianapolis, 
IN. The cells are rinsed again with PBS after incubation and then 
incubated with TOO /;! of streptavidin conjugated with fluorescein 
5 isothiocyanate (FITC) for 45 minutes at 37 °C. The streptavidin complex 

is also available from Boerhinger Mannheim Co., Indianapolis, IN. After 
a final rinse with PBS, a coverslip removed from the shell vial is mounted 
on the slide which is then examined under a fluorescence equipped 
microscope manufactured in Germany by Carl Zeiss, Inc., and available 
10 from W. Nuhsbaum, McHenry, II. The specific apple-green stained nuclei 

were counted. The results are reported in Table 1 as positive stained 
nuclei as an average of four shell vials. 

Examples 2-6 

These examples used the same procedure as Example 1, except 
1 5 that the concentration of NaB used was different. Table 1 indicates the 

concentration of NaB used and the results. 

Conventionally, human embryonic lung (HEU fibroblast cells, such 
as the MRC-5 cell line which is available from Diagnostic Hybrids, Inc., 
Athens, OH, are used worldwide for CMV culture and viral isolation. 
20 Comparative Example 1 

This example used the same procedure as Example 1 except the 
CMV was grown in MRC-5 cells. The MRC-5 cells were not treated with 
NaB before infection, but were treated with 2mM calcium chloride 
(CaCI 2 ), 1% dimethyl sulfoxide (DMSO) and 10* 5 M dexamethasone after 
25 infection. The results are reported in Table 1 . 
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T ABLE 1 



Ex. 


NaB (mM) 


# positive stained 
nuclei 


1 


5 


22 


2 


10 


30 


3 


20 


38 


4 


40 


71 


5 


80 


85 


6 


0 


8 


COMP 
EX 1 


MRC-5 
cells 


9 



As seen from Table 1 , untreated mink lung cells, are slightly less 
sensitive than MRC-5 cells for CMV isolation and detection. However, 
when treated with NaB, mink lung cells show far superior sensitivity for 
CMV isolation and detection. The number of stained cells increases as 
the concentration of NaB is increased up to 80mM with the increase 
being about 10 fold as compared with untreated mink lung cells. 

Figures 1{a-c) depict (a) stained nuclei from CMV grown in NaB 
treated mink lung cells; (b) one stained nuclei (arrow, other apparent 
fluorescence is artifact) from CMV grown in untreated mink lung cells; 
and (c) one stained nuclei (arrow) from CMV grown in MRC-5 cells which 
were prepared according to the procedure of Example 1 . The improve- 
ment in the NaB treated mink lung cells is apparent. 

Examples 7-1 1 

Mink lung cells were prepared as described in Example 1. The 
mink lung cells were treated with various concentrations of sodium 
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butyrate for 16 to 24 hours as indicated in Table 1. Ceils were then 
infected with HSV-1 (originally from clinical specimens but passaged 
once in tissue culture so virus content is assured). The HSV-1 culture 
fluid was diluted 1:1000 before use for inoculation. In each shell vial, 
0.2 ml of inoculum was used. After centrifuging for 45 minutes at 700 
xg at 23°C, 0.5 ml of Opti-MEM with 2% fetal calf serum was added to 
each vial and incubated overnight at 37 °C. The following day, the 
cytopathic effect of the inoculated culture was observed under light micr- 
oscope. The results are reported in Table 2 and are from the average of 
two shell vials. 

Cell culture isolation and detection of HSV-1 from clinical 
specimens is conventionally done using primary rabbit kidney (RK) cells. 
RK ceils are available from Biowhittaker Co., Walksville, MD. However, 
RK cells are primary cells so that animals need to be sacrificed each time 
cells are prepared. Consequently, the procedure for obtaining the cells 
is quite tedious and costly. 

Comparative Example 2 

This example used the same procedure as Example 7 except that 
rabbit kidney cells were used to grow the virus and the RK cells were not 
treated with NaB. The results are reported in Table 2. 



SUBSTITUTE SHEET (RULE 26) 



WO 97/24461 



PCT/US96/20827 



-25- 

TAPLE 2 



Ex. 


NaB (mM) 


cpe 1 i 


7 


2.5 


18 


8 


5.0 


20 


9 


10.0 


22 


10 


20 


12 


1 1 


0 


6 


Comp 
Ex 2 


RK cells 


26 



1 cpe = foci of cytopathic effect 



As seen from Table 2, untreated mink lung cells, are less sensitive 
than RK cells for HSV-1 isolation and detection. However, when treated 
with NaB, mink lung cells show comparable sensitivity for HSV isolation 
and detection. Also, Table 2 shows that in comparison to growth of CMV 
in mink lung cells wherein the optimum concentration appears to be 
about 80mM, for HSV-1 growth optimum concentration is shown to be 
about 5mM to about lOmM. 

Examples 12-21 

These examples were prepared using the same procedure as 
Example 1, except that the concentration of NaB used was varied and 
both mink lung cells and MRC-5 cells were used. Also, the MRC-5 were 
treated with NaB before infection and 2mM CaCI 2 , 1 % DMSO and 10' 5 M 
dexamethasone after infection. Table 3 indicates the concentration of 
NaB used and the results obtained. 
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Ex. 


NaB- 


Mink lung cells 


MRC-o cells 




(mM) 


# of stained nuclei 


# of stained nuclei 


12 


0 


1 


1 


13 


0 


6 


2 


14 


10 


7 


2 


15 


10 


9 


3 


16 


20 


12 


2 


17 


20 


12 


2 


18 


40 


12 


4 


19 


40 


23 


9 


20 


80 


26 


7 


21 


80 


32 


6 



As seen from Table 3, mink lung cells show a better response to 
15 NaB treatment, resulting in a greater sensitivity to CMV infection, than 

the conventionally utilized, NaB treated, MRC-5 cells. 

Examples 22-27 

These examples used the same procedure as Example 1 for CMV 
growth except that the age of the cells were varied, the cells were 
20 treated with 80mM sodium butyrate 24 hours before infection, and the 

MRC-5 cells were treated 2mM calcium chloride (CaCI 2 ), 1% dimethyl 
sulfoxide (DMSO)and 10' 5 M dexamethasone after infection. Also, before 
infection the inoculum was diluted with Opti-MEM as indicated in Table 
4. The results are reported in Table 4. 
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TAPIS 4 



Ex. 


Cell Type 


Cell Age 


10° 


10 1 


10" 2 


22 


Mink Lung* 


2 days 


232/220 


44/52 


5/2 


23 


Mink Lung 


2 days 


28/48 


4/2 


1/0 


24 


Mink Lung* 


3 days 


242/309 


47/43 


1/2 


25 


Mink Lung 


3 days 


28/29 


4/2 


2/0 


26 


MRC-5* 


2 days 


39/29 


3/1 


0/0 


27 


MRC-5 


2 days 


20/22 


1/1 


1/0 



In Table 4 * indicates cells treated with sodium butyrate, 10*° 
indicates no dilution, 10' 1 indicates 1:10 dilution, 10' 2 indicates 
1:100 dilution and the two numbers indicate counts of positive stained 
nuclei from 2 shell vials. The Examples of Table 4 show the effects of 
cell age as well as virus concentration on viral growth. It is clear from 
Table 4 that even at a high dilution, i.e., low concentration of virus in the 
inoculum, the virus is still detected when the cells are treated with NaB. 
In contrast, untreated mink lung cells and both treated and untreated 
MRC-5 cells at times show no virus detected at high dilution. 

Examples 28-32 

These examples used the same procedure as Example 1 for CMV 
growth except that the age of the cells were varied, the cells were 
treated with 80mM sodium butyrate 24 hours before infection, and the 
MRC-5 cells were treated 2mM calcium chloride (CaCI 2 ), 1% dimethyl 
sulfoxide (DMSO), and 10' 5 M dexamethasone after infection. The results 
are reported in Table 5. The cell age is measured as the time after 
seeding of the cells in the shell vial. 
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Ex. 


Cell Type 


Cell Age 


Treated 


Untreated 


28 


Mink Lung 


2 days 


123* 


1 1 


29 


Mink Lung I 


3 days 


121 


10 


30 


Mink Lung 


5 days 


78 


4 


31 


Mink Lung 


7 days 


30 


2 


32 


MRC-5 


4 days 


4 


3 



* average # of nuclei staining from three shell vials 



10 As shown in Table 5, 2 and 3 day old mink lung cells show greater 

sensitivity to CMV growth than 5 to 7 day old mink lung cells. 
Furthermore, NaB treatment enhanced the susceptibility of the mink lung 
cells to CMV infection despite the age of the mink lung cells. 



15 

Examples 33-39 

These examples used the same procedure as Example 1 for CMV 
growth except that the time of treatment with sodium butyrate was 
varied, i.e., the cells were treated with 80mM sodium butyrate for 
20 different times before infection, and the MRC-5 cells were treated with 

2mM calcium chloride (CaCI 2 ), 1% dimethyl sulfoxide (DMSO) and 10' 6 M 
dexamethasone after infection. The results are reported in Table 6. 
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IMLE 6 



Ex. 


Cell Type 


Time of Treatment 


# of Foci 


33 


Mink Lung 


1 8 hours 


360* 


34 


Mink Lung 


8 hours 


306 


35 


Mink Lung 


6 hours 


276 


36 


Mink Lung 


4 hours 


234 


37 


Mink Lung 


2 hours 


126 


38 


Mink Lung 


Untreated 


48 


39 


MRC-5 


Untreated 


30 



10 * average # of stained nuclei counted from three shell vials. 

The results of Table 6 indicate that as short as a 2 hour treatment 
of mink lung cells with NaB, more than a two fold enhancement of CMV 
expression can be detected. However, for optimum enhancement at least 
8 hours of treatment is required. 

15 Figures 2(a-b) and 3{a-b) depict 2(a) stained virus infected cells 

(appears yellow in the Figure) from HSV-1 grown in NaB treated mink 
lung cells; 2(b) stained virus infected cells from HSV-1 grown in 
untreated mink lung cells; 3(a) stained virus infected cells from HSV-2 
grown in NaB treated mink lung cells; and 3(b) stained virus infected cells 

20 of HSV-2 grown in untreated mink lung cells. Figures 2 and 3 show that 

a much greater number of cells are infected in treated than in untreated 
cells. The virus were grown according to the procedures of Examples 7 
and 1 1 with the exception that the virus infected cells were stained in a 
one step procedure with fluorescein isothiocyanate FITC conjugated mAB 
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against HSV-1 or HSV-2. This antibody is obtainable from Syva Co. of 
San Jose, CA, 

In another aspect of the invention a diagnostic kit for assaying a 
virus, includes (A) cells from a cell line susceptible to infection by the 
virus; (B) a compound of formula RC(0)Q, wherein Q is R, OR, OX or X, 
each R is independently hydrogen or a hydrocarbyl group containing 1 to 
about 10 carbon atoms and wherein X is hydrogen or a cation; and (C) 
reagents for assaying the virus is contemplated. 

The cell line, virus and compound of formula RC(0)Q are as 
described above. The reagents for assaying the virus can be any 
reagents know in the art which are used to assay viruses. Examples 
include but are not limited to immunological, colorimetric, fluorescent, 
optical, etc. In one embodiment, the reagents are immunofluorescent 
reagents such as those described above. Examples include but are not 
limited to FITC-mAb to HSV-1 or HSV-2 (described above) and the E-13 
mAb against immediate early antigen of CMV/biotin conjugated anti- 
mouse IgG/streptavidin-FITC conjugate system described above. 

In still another aspect of the invention an enhanced mink lung cell 
line having improved susceptibility to infection by a herpes virus prepared 
by treating mink lung cells identified as ATCC #CCL64 with a compound 
of formula RC(0)Q, wherein Q is R, OR, OX or X, each R is independently 
hydrogen or a hydrocarbyl group containing 1 to about 10 carbon atoms 
and wherein X is hydrogen or a cation; is contemplated. 

The mink lung cells and compound of formula RC(0)Q are as 
described above. The enhanced mink lung cells are prepared by obtaining 
mink lung cells ATCC No. CCL64 from the ATTC. The cells are received 
in frozen vials from ATCC and are prepared by first thawing in a 37°C 
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water bath. The thawed cells are removed from the bath and cultured in 
a tissue culture flask with Opti MEM culture medium supplemented with 
5% fetal calf serum and non-essential amino acids, available from Life 
Technologies, Inc., of Gaithersburg, Maryland, and the antibiotics 
penicillin (100 units/ml), streptomycin (100 //g/ml) and the fungizone 
amphotericin (0.25 //g/ml). The cultured cells reach a complete 
monolayer in about 3 to 4 days. The mink lung cells are propagated by 
trypsinization and approximately 2.5 x 10 s dispersed cells per shell vial 
are seeded in shell vials with cover slips. The shell vials are incubated at 
37 °C for 24 hours or until the cells form a monolayer. 

The cells are then treated with an appropriate concentration of 
sodium butyrate (NaB) prepared by dissolving the appropriate amount of 
NaB in tissue culture media and filtering the solution, and incubated for 
16 to 24 hours. 

Although the invention is described herein as being directed 
towards use in diagnosing viral presence, it is contemplated that any 
process or method, compound, composition, etc., which requires growth 
or culturing of viruses may find the present invention useful. For 
instance, the production of viral vaccines or viral proteins which may 
require culturing of the virus. 

While the invention has been explained in relation to its preferred 
embodiments, it is to be understood that various modifications thereof 
will become apparent to those skilled in the art upon reading the 
specification. Therefore, it is to be understood that the invention 
disclosed herein is intended to cover such modifications as fall within the 
scope of the appended claims. 
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£iaims 

1 . A method for culturing a virus, comprising the steps of: 
(A) providing cells from a cell line susceptible to infection by the 

virus and a specimen; 
5 (B) treating the cells with a compound of the formula RC(0)Q, 

wherein Q is R, OR, OX or X, each R is independently hydrogen or a 
hydrocarbyl group containing 1 to about 10 carbon atoms and wherein 
X is hydrogen or a cation; 

(C) inoculating the treated cells with the specimen; and 
10 (D) incubating the inoculated cells to allow viral growth to 

proceed. 

2. The method of claim 1, further comprising a step (E) 
harvesting said virus. 

3. The method of claim 1, wherein R is an alkyl, hydroxyalkyl, 
15 alkoxyalkyl, or haloalkyl group. 

4. The method of claim 1 r wherein Q is OX and X is hydrogen 
or an alkali metal cation, 

5. The method of claim 3, wherein Q is OX and X is hydrogen 
or an alkali metal cation, 

20 6. The method of claim 1, wherein the compound of the 

formula RC(0)Q is butyric acid or salts thereof. 

7. The method of claim 1 , wherein the cell line is a genetically 
engineered cell line. 

8. The method of claim 1 , wherein the cell line is selected from 
25 the group consisting of a mink lung cell line, McCoy cell line, buffalo 

green monkey kidney cell line, human lung carcinoma A549 cell line, 
African green monkey kidney cell lines, Rhesus monkey kidney cell line 
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dic mk-2), Baby hamster kidney ceil line (BHK), and Human lung 
mucoepidermoid carcinoma cell line (NCI-H292). 

9. The method of claim 1, wherein the virus is selected from 
the group consisting of herpes viruses, the adenoviruses, 

5 paramyxoviridae, influenza viruses, enteroviruses, and chlamydiae. 

1 0. The method of claim 1 , wherein the cell line is a mink lung 
cell line and the virus is a herpes virus. 

1 1 . The method of claim 6, wherein the cell line is a mink lung 
cell line and the virus is a herpes virus. 

10 12. The method of claim 1 , wherein the cell line is selected from 

the group consisting of McCoy ceil line and buffalo green monkey kidney 
cell line and the virus is chlamydiae. 

1 3. The method of claim 1 , wherein the cell line is human lung 
carcinoma A549 cell line and the virus is an adenovirus. 

15 14. A diagnostic kit for assaying a virus, comprising: 

(A) cells from a cell line susceptible to infection by the virus; 

(B) a compound of the formula RC{0)Q, wherein Q is R, OR, OX 
or X, each R is independently hydrogen or a hydrocarbyl group containing 
1 to about 10 carbon atoms and wherein X is hydrogen or a cation; and 

20 (C) reagents for assaying the virus. 

15. The kit of claim 14, wherein R is an alkyl, hydroxyalkyl, 
alkoxyalkyl, or haloalkyl group. 

16. The kit of claim 14, wherein Q is OX and X is hydrogen or 

an alkali metal cation. 
25 17. The kit of claim 1 5, wherein Q is OX and X is hydrogen or 

an alkali metal cation. 
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18. The kit of claim 14, wherein the compound of the formula 
RC(0)Q is butyric acid or salts thereof. 

19. The kit of claim 14, wherein the cell line is a genetically 
engineered cell line. 

5 20. The kit of claim 1 4, wherein the ceil line is selected from the 

group consisting of a mink lung cell line, McCoy cell line, buffalo green 
monkey kidney cell line, human lung carcinoma A549 cell line, African 
green monkey kidney cell line, Rhesus monkey kidney cell line, Baby 
hamster kidney cell line (BHK), and Human lung mucoepidermoid 
10 carcinoma cell line. 

21. The kit of claim 14, wherein the virus is selected from the 
group consisting of herpes viruses, the adenoviruses, paramyxoviridae, 
influenza viruses, enteroviruses, and chlamydiae. 

22. The kit of claim 14, wherein the cell line is a mink lung cell 
1 5 line and the virus is a herpes virus. 

23. The kit of claim 1 8, wherein the cell line is a mink lung cell 
line and the virus is a herpes virus. 

24. The kit of claim 1 4, wherein the cell line is selected from the 
group consisting of McCoy cell line and buffalo green monkey kidney cell 

20 line and the virus is chlamydiae. 

25. The kit of claim 14, wherein the cell line is human lung 
carcinoma A549 cell line and the virus is an adenovirus. 

26. A method for assaying a virus, comprising the steps of: 

(A) providing cells from a cell line susceptible to infection by the 
25 virus and a specimen; 

(B) treating the cells with a compound of the formula RC(0)Q, 
wherein Q is R, OR, OX or X, each R is independently hydrogen or a 
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hydrocarbyl group containing 1 to about 10 carbon atoms and wherein 
X is hydrogen or a cation; 

(C) inoculating the treated cells with the specimen; 

(D) incubating the inoculated cells to allow viral growth to 
5 proceed; and 

(E) assaying the virus in the cells. 

27. The method of claim 26, wherein R is an aikyl, hydroxyalkyl, 
alkoxyalkyl, or haloalkyl group. 

28. The method of claim 26, wherein Q is OX and X is hydrogen 
10 or an alkali metal cation. 

29. The method of claim 27, wherein Q is OX and X is hydrogen 
or an alkali metal cation. 

30. The method of claim 26, wherein the compound of formula 
RC(0)Q is butyric acid or salts thereof. 

15 31 . The method of claim 26, wherein the cell line is a genetically 

engineered cell line. 

32. The method of claim 26, wherein the cell line is selected 
from the group consisting of a mink lung cell line, McCoy cell line, buffalo 
green monkey kidney cell line, and human lung carcinoma A549 cell line, 

20 African green monkey kidney cell line, Rhesus monkey kidney cell line, 

Baby hamster kidney cell line (BHK), an dHuman lung mucoepidermoid 
carcinoma cell line. 

33. The method of claim 26, wherein the virus is selected from 
the group consisting of herpes viruses, the adenoviruses, 

25 paramyxoviridae, influenza viruses, enteroviruses, and chlamydiae. 

34. The method of claim 26, wherein the cell line is a mink lung 
cell line and the virus is a herpes virus. 
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35. The method of claim 30, wherein the cell line is a mink lung 
cell line and the virus is a herpes virus. 

36. The method of claim 26, wherein the cell line is selected 
from the group consisting of McCoy cell line and buffalo green monkey 

5 kidney cell line and the virus is chlamydiae. 

37. The method of claim 26, wherein the cell line is human lung 
carcinoma A549 cell line and the virus is an adenovirus. 

38. An enhanced mink lung cell line having improved suscepti- 
bility to infection by a herpes virus prepared by treating mink lung cells 

10 identified as ATCC 0CCL64 with a compound of the formula RC(0)Q, 

wherein Q is R, OR, OX or X, each R is independently hydrogen or a 
hydrocarbyl group containing 1 to about 10 carbon atoms and wherein 
X is hydrogen or a cation. 

39. The mink lung cell line of claim 38, wherein the compound 
15 of formula RC(0)Q is butyric acid or salts thereof. 

40. A method for culturing a virus, comprising the steps of: 

(1) inoculating treated cells from a cell line susceptible to 
infection by the virus with the specimen, wherein the cells are treated 
with a compound of the formula RC(0)Q, wherein Q is R, OR, OX or X, 

20 each R is independently hydrogen or a hydrocarbyl group containing 1 to 

about 10 carbon atoms and wherein X is hydrogen or a cation; and 

(2) incubating the inoculated cells to allow viral growth to 
proceed. 

41. The method of claim 40, further comprising a step (3) 
25 harvesting said virus. 

42. A diagnostic kit for assaying a virus, comprising: 
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(1) treated cells from a cell line susceptible to infection by the 
virus, wherein the cells have been treated with a compound of the 
formula RC(0)Q, wherein Q is R, OR, OX or X ( each R is independently 
hydrogen or a hydrocarbyl group containing 1 to about 10 carbon atoms 
and wherein X is hydrogen or a cation; and 

(2) reagents for assaying the virus. 

43. A method for assaying a virus, comprising the steps of: 

(1) inoculating treated cells from a cell line susceptible to 
infection by the virus, wherein the cells have been treated with a 
compound of the formula RC{0)Q, wherein Q is R, OR, OX or X, each R 
is independently hydrogen or a hydrocarbyl group containing 1 to about 
10 carbon atoms and wherein X is hydrogen or a cation; and treated cells 
with the specimen; 

(2) incubating the inoculated cells to allow viral growth to 

proceed; and 

(3) assaying the virus in the cells. 
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